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Among the renewable energy sources, solar energy has been a big part interest sources in 

past few years. With the development of power electronics technology, the multi-level 

inverters are widely used for the production of electrical energy. There are several variants 

of these converters, the cascaded-H bridge multi-level inverter (CHB) is more 

advantageous compared to the other arrangements, since each H bridge inverter has an 

independent DC source. In this paper, a three-phase five-level CHB inverter feeding by a 

PV solar-Boost converter system using a discontinuous pulse width modulation (DPWM) 

presented, improved the power quality by reducing the total harmonic distortion (THD) at 

the outputs voltage and current and also reducing inverter switching losses. The main idea 

of this work, is that the DPWM technique is used, studied and analyzed in detail to control 

the multilevel inverters topologies, and it can have many advantages to the other PWM 

techniques like space vector modulation (SVPWM). The simulation was performed in the 

MATLAB/Simulink software using an induction machine like a load and the obtained 

results are presented and analyzed. 
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1. INTRODUCTION

Among the renewable energy sources, solar energy has been 

a big part interest sources in past few years. It is unpolluted 

and economics. It offers many advantages such as, it is 

unpolluted and economics, it requires easy and simple 

maintenance interventions [1, 2]. 

The electrical energy produced by a PV system, is 

characterized by the sunshine rate, the temperature and the 

voltage of each PV module. For low power applications, the 

electrical energy produced can be supplied directly to the load. 

So, for high and medium power applications, the static 

converters must be used as an intermediate interface between 

the PV modules and the load (or the electrical network) [3]. 

For AC loads, the static converter can be represented by a 

combination of a DC/DC boost chopper and a DC/AC voltage 

source inverter (VSI) as in Figure 1. 

Figure 1. Energy conversion scheme 

The major drawback of the VSI is the not perfectly 

sinusoidal current and voltages at its output which influences 

on the operating regime of the loads. These current and voltage 

waveforms are rich in harmonics presenting a great issue in the 

field of electrical engineering.  

As part of the research methods of reducing harmonics, 

several studies were made on two axes. The first is the use of 

multilevel topologies of the inverter (like NPC, Cascade and 

Hybrid, etc.), while the second focuses on controlling the 

opening and closing of the semiconductors forming the 

inverter by pulse width modulation technique (like Sinusoidal 

PWM, Space vector PWM and Discontinuous PWM, etc.). 

There are several works [4-7] have studied and treated the two 

modulation strategies, such as a sinusoidal PWM and a space 

vector PWM, with details. But there are fewer papers that 

analyze the application of the discontinuous DPWM strategy 

on multilevel inverters.  

The objective of these PWM strategies is to ensure better 

control of the inverter and to acquire better values, such as the 

harmonic rate (THD), the number of switching and the torque 

ripples in the AC systems drives. In high power applications, 

the multilevel structure is more suitable, compared to the two-

level structure, because the voltages and currents exit rates are 

much lower harmonic distortion. 

In this paper, the proposed discontinuous PWM strategy for 

the control a three phase five-level cascaded H-bridge (CHB) 

inverter fed by a PV system was simulated in the 

MATLAB/Simulink environment. As well, the test is done to 

order a squirrel cage asynchronous machine of 1.5kw in scalar 

control. The obtained results are very encouraging and have 

showed that DPWM technique has high performances in 

harmonics current (THD), the number of closing and opening 

of the switches is reduced, which gives minimization of the 

switching losses and a great stability to the motor. 

This work has been divided into six parts as follows: After 

the introduction in the first part. The second part explains the 

PV solar and boost converter basics. The third part provides 
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an overview of five-level CHB inverter topology. DPWM is 

shown in the 4th part. The 5th part presents the simulation, 

discussion and interpretation results, that validate the 

algorithms and the schemes used in this work. Conclusion is 

made in the last part. 

 

 

2. PV SYSTEM DESCRIPTION 

 
2.1 PV module 

 
The basic structure of the solar cell is represented by a P/N 

semiconductor in Figure 2. There are many works [8, 9] have 

studied and developed the mathematic model of PV cell. 

 

 
 

Figure 2. The PV block array 

 

The output current of the PV is: 

 

I = Iph − Is (e
q(V+I.Rs)
A.k.T − 1) −

V + I. Rs
Rsh

 (1) 

 

where, 

V represent the output voltage. 

Iph is photon current and Rsh is shunt resistance. 

Id is diode current and Is (Isc) is diode saturation current. 

q is the electronic charge, q = 1,602 x 10-19 C 

k is the Boltzman constant, k = 1,381 x 10-23 

A is PN junction ideality factor. 

The characteristic of the output power as shown in Figure 3. 

 

 
 

Figure 3. Characteristics of the PV array 

 

Imp, Vmp and Pm are the maximum point of the current, the 

voltage and the power respectively.   

 

2.2 DC-DC boost converter 

 

To obtain the maximum power from the panel, a DC/DC 

boost converter is used. It's the interface that allows adaptation 

between the PV panel and the inverter. The topology of this 

converter is shown in Figure 4. In the technical literature we 

can find many papers on the design of this converter like [10-

14]. 

 

 
 

Figure 4. DC/DC boost converter connected between PV 

panel and the three-phase inverter 

 

The equation which determines the output voltage is as 

follows: 

 

Vout =
1

1 − α
Vpv (2) 

 

where, 

Vpv is the voltage input (solar panel). 

α is the duty cycle for the switching device, and therefore 

 

α =
tON
T

 (3) 

 

T is the sample period of the boost converter, T = 1/fsw and 

T = TON + TOFF 

TON is the time when the switch is closed. 

TOFF is the time when the switch is opened. 

 

 

3. THREE PHASE FIVE-LEVEL CHB INVERTER 
 

A VSI is a power static converter, which generates a 

sinusoidal AC output from a DC input. In our work a three 

phase five-level CHB is used as an interface between PV 

solar/DC-DC boost converter and AC drive system. Thus, it is 

necessary to present a description of this inverter. 

Figure 5 illustrates the topology of a three-phase five-level 

CHB inverter used in this work. It is composed of three arms. 

Each arm is build of one phase full bridge that is assembled in 

chain [15, 16]. Each bridge consists of four IGBTs, four diodes 

in anti-parallel are mounted on each switch and one 

independent voltage source E. 

 

 
 

Figure 5. A topology of a three-phase five-level  

CHB inverter 
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The output phase voltage of this topology is synthesized by 

the addition of the voltages that are generated by different 

combinations of the eight switches, (S1, S2, S3, and S4) for 

the upper bridge [17, 18], and (S1, S2, S3, and S4) for the 

lower bridge, as given in Table 1. 

 

Table 1. A single-phase five-level CHB inverter 

functioning’s principle 

 
The upper bridge The lower bridge Vao 

(v) S1 S2 S3 S4 S1 S2 S3 S4 

1 0 0 1 1 0 0 1 2E 

1 1 0 0 1 0 0 1 E 

1 0 0 1 0 0 1 1 E 

1 0 0 1 1 1 0 0 E 

0 0 1 1 1 0 0 1 E 

1 1 0 0 1 1 0 0 0 

1 1 0 0 0 0 1 1 0 

1 0 0 1 0 1 1 0 0 

0 1 1 0 1 0 0 1 0 

0 0 1 1 1 1 0 0 0 

0 0 1 1 0 0 1 1 0 

0 1 1 0 1 1 0 0 -E 

0 0 1 1 0 1 1 0 -E 

0 1 1 0 0 0 1 1 -E 

1 1 0 0 0 1 1 0 -E 

0 1 1 0 0 1 1 0 -2E 

 

where, 

State 1 shows that the switch is closed 

State 0 shows that the switch is opened 

 

 

4. THEORY OF DPWM TECHNIQUE 

 

With the development of the digital electronics, and as part 

of the research methods of reducing harmonics and switching 

losses, several studies were made on controlling the opening 

and closing of the semiconductors forming the inverter by 

pulse width modulation technique (like Sinusoidal PWM, 

Space vector PWM and Discontinuous PWM, etc.) [19-21]. 

There are several works have studied and treated the two 

modulation strategies, such as a SPWM and a SVPWM, with 

details. But there are fewer papers that analyze the application 

of the discontinuous DPWM strategy on multilevel inverters. 

It uses the space-vector concept to compute the duty cycle of 

the switches. It can be observed that in SVPWM technique, the 

periods of use of zero vectors T0 and T7 are equal, therefore a 

factor corresponding to a distribution of these periods is 

defined as follows: 

 

K =  
T7

(T0 + T7)
 (4) 

 

The main idea of this strategy is to satiate the reference 

wave for 2π/3 during the electrical period, which leads in, a 

discontinuity between the three arms of the inverter, and 

consequently, a minimization of the number of switching 

operations [19]. According to the choice of the location of this 

satiate, there are six different techniques of the DPWM 

modulation, and they can be subdivided into three groups as 

shown in Table 2. 
 

 

 

 

Table 2. A various strategies of DPWM 

 
Saturations Interval Techniques Location 

Once 2π/3 DPWM_MIN at -1 

DPWM_MAX at +1 

 

Twice 

 

π/3 

DPWM_0 Late by π/6 

DPWM_1 with 0 radian 

DPWM_2 Advance by π/6 

Four times π/6 DPWM_3 at -1 and at +1 

 

where, 

+1 is OFF at upper state, or 

-1 is OFF at lower state.  

Figure 6 shows the basic principle of DPWM strategy, this 

method is based on the injection of the homopolar components 

U0 in reference waves [22, 23]. 

 

 
 

Figure 6. The principle scheme of the DPWM 

 

with: 

 

{
 
 

 
 
varef(t) = Msint              

vbref(t) = Msin (t −
2

3
)

vcref(t) = Msin (t −
4

3
)

 (5) 

 

{

Vmax = Max(Varef, Vbref, Vcref)

Vmin = Min(Varef, Vbref, Vcref)

Vmed = Med(Varef, Vbref, Vcref)
 (6) 

 

Figure 7 presents all waveforms of the DPWM, SPWM and 

SVPWM strategies. 

According to the Eq. (4), the expression of the homopolar 

components is given in Table 3, for each modulation 

techniques. 

 

Table 3. The expression of the homopolar components 

 
Strategies Zero vectors 

utilisation 

K Homopolar 

components 

SVPWM T0 = T7 0.5 U0 = - (Vmax + 

Vmin)/2 

DPWM_MIN T0 = Tz and T7 = 0 0 U0 = - (Vmin + E/2) 

DPWM_MAX T0 = 0 and T7 = Tz  1 U0 = - (Vmax -  E/2) 

DPWM_0, 

DPWM_1, 

DPWM_2 and 

DPWM_3 

T0 and T7 are 

variables 

0÷1 U0

= − (KVmax

+ (1 − K)Vmin

+ (1 − 2K)
E

2
) 

 

Tz is the total time of use of the zero vector. 
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Figure 7. The reference waveforms 

 

 
 

Figure 8. The scheme of 3-ph. five-level CHB inverter fed Induction motor 

 

 

5. RESULTS AND DISCUSSION 

 

In order to applicate and contrast the developed methods 

computer simulations were used on a three phase five-level 

CHB inverter feeding 1.5 KW asynchronous motor in open 

loop. 

In our work, we carried out the simulation in two parts:  

- Firstly, we consider that the inverter is not supplied by the 

PV solar-Boost converter, and the supply voltage is 

represented by a DC voltage source with a value of E=125 V.  

- Secondly, we simulated the complete system: PV solar-

Boost converter-five-level CHB inverter-Induction machine. 

The asynchronous motor parameters are given in Table 4. 

At t=1.2 s a load torque of Tload = 7 N.m is applied to the motor 

shaft. We took a modulation index value M= 0.9 and a 

commutation frequency is 6 KHz. 

 

Table 4. Asynchronous motor parameters 

 
 Parameters 

 

Electromagnetic 

Vab= 380 V, f=50 Hz, In= 3.6 A 

Rs=4.85Ω, Rr=3.085 Ω, 

 Ls= Lr=0.274H, M=0.258 H, 

 

Mechanical 

P=1.5 Kw, and n=1400 tr.mn-1. 

 f=0.00114Nm.rad-1.s-1,  

J=0.031 Kgm2 and Tr=3N.m 
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5.1 Three phase five-level CHB inverter fed Induction 

motor 

 

In this section, we have based on the comparison between 

SVPWM with DPWM, since several works discuss the 

application of the SVPWM technique on multilevel inverters 

as a strategy for controlling the opening and the closing of 

semiconductors [24, 25]. The scheme is modeled in MATLAB 

using Simulink tools as shown in Figure 8.  

The obtained waveforms are presented in Figure 9 to Figure 

16 for SVPWM and DPWM_3. Whereas the waveforms of 

DPWM_MIN, DPWM_MAX, DPWM_0, DPWM_1 and 

DPWM_2 are not presented, but the simulation results of these 

strategies are shown and summarized in Table 5. 

 

 
 

Figure 9. The reference waveforms and triangular carriers 

for SVPWM techniques, with M = 0.9 

 

 
(a) Line to line voltage Vab (V) 

 
(b) Line to neutral voltage Van(V) 

 
(c) Voltage frequency spectrum THDVan (%) 

 

Figure 10. Output voltages waveform with SVPWM 

 

 
(a) Stator currents Iabc (A) 

 
(b) Zoom of stator currents Iabc (A) 

 
(c) Current frequency spectrum THDIa (%) 

 

Figure 11. Output currents waveform with SVPWM 

  

 
(a) Torque of an induction motor (N.m) 

 
(b) Motor speed (rad/s) 

 

Figure 12. Torque and speed response with SVPWM 

 

 
 

Figure 13. The reference waveforms and triangular carriers 

of DPWM_3 techniques, with M = 0.9 
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(a) Line to line voltage Vab (V) 

 
(b) Line to neutral voltage Van(V) 

 
(c) Voltage frequency spectrum THDVan (%) 

 

Figure 14. Output voltages waveform with DPWM_3 

 

 
(a) Stator currents Iabc (A) 

 
(b) Zoom of stator currents Iabc (A) 

 
(c) Current frequency spectrum THDIa (%) 

 
Figure 15. Output currents waveform with DPWM_3 

  

 
(a) Torque of an induction motor (N.m) 

 
(b) Motor speed (rad/s) 

 

Figure 16. Torque and speed response with DPWM_3 

 

Table 5. Simulation results 

 
 

Techniques 

M=0.9 

THDU (%) THDI (%) p 

DPWM_MIN 16.81 0.72 72 

DPWM_MAX 16.81 0.72 73 

SVPWM 16.54 0.42 120 

DPWM_1 16.73 0.67 76 

DPWM_2 17.25 0.99 78 

DPWM_3 16.67 0.61 73 

DPWM_0 17.54 1.10 78 

 

Width, p: is the total number of commutations in one period, 

for a single arm of the inverter. 

The results of the developed algorithms of a three phase 

five-level CHB inverter feeding asynchronous motor are 

illustrated in Figure 9 to Figure 12 for SVPWM and Figure 13 

to Figure16 for DPWM_3. 

The Figure 9 and Figure 13 present the reference waveforms 

to generate the different pulses of the switches. Figure 10 and 

Figure 14 illustrate the voltage waveforms and their frequency 

spectrum. Figure 11 and Figure 15 have shown the phase 

current waveforms and their frequency spectrum. Figure 12 

and Figure 16 illustrate the mechanical parameters of the 

induction motor, such as the torque ripples and the speed 

curves. 

We noted from the voltage curves, that the number of 

switches operations p is very high (120 commutations in one 

period) when SVPWM is employed but the number of 

commutations is considerably minimized (73 commutations) 

when DPWM_3 is used, which leads to a reduction of 39.16% 

in switching losses, because we employed a value of 6 kHz as 

a switching frequency [26]. 

The total harmonic distortion (THDv) of voltage waveforms 

is 16.54 % and 16.67 % for SVPWM and DPWM_3 

respectively. One can notice that the voltage THD of 

DPWM_3 is a little higher than the voltage THD of SVPWM. 

The (THDI) of current waveforms is 0.42 % and 0.61 % for 

SVPWM and DPWM_3 respectively. We also have the current 

harmonic distortion is slightly higher when DPWM_3 is used. 

Regarding the curves of the electromagnetic torque for the 

two strategies, it is noted that there is no deference between 

these characteristics obtained, with less fluctuations or ripples, 

and which gives the motor great stability, because the current 

at the output of the inverter has a sinusoidal form. 

The torque and the speed curves have three sections: firstly 

a transient period from 0 to 0.5 s, secondly a no-load operation 

period (Tload=0 N.m) of 0.5 to 1.2 s and finally a load operation 

period (Tload=7 N.m) applied to 1.2 s until the end of the 

simulation time. 
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5.2 Three phase five-level CHB inverter fed Induction 

motor connected a PV solar-Boost converter 

 

In this section, we have used DPWM_3 technique to control 

of the multilevel inverter, with consideration of the PV solar-

boost converter. The latter is controlled by the PWM strategy 

with a hash frequency of 5 kHz. The scheme is modeled in 

MATLAB using Simulink tools as shown in Figure 17.  

The obtained waveforms are presented in Figure 18 to 

Figure 21 for DPWM_3. 

 

 
 

Figure 17. The scheme of 3-ph. five-level CHB inverter connected between a PV solar system and an Induction motor 

 

 
 

Figure 18. The voltage output of the PV solar-Boost 

converter 

 

 
(a) Line to line voltage Vab (V) 

 
(b) Line to neutral voltage Van(V) 

 
(c) Voltage frequency spectrum THDVan (%) 

 

Figure 19. Output voltages waveform with DPWM_3 

 
(a) Stator currents Iabc (A) 

 
(b) Zoom of stator currents Iabc (A) 

 
(c) Current frequency spectrum THDIa (%) 

 

Figure 20. Output currents waveform with DPWM_3 
 

The THD of voltage and current waveforms are 

(THDv=17.01%) and (THDI=0.73%) for DPWM_3 

respectively. These values are slightly higher compared to 

those obtained when a supply voltage of the inverter is 

perfectly stabilized (THDv=16.67% and THDI=0.61%). 

The simulation results are in good agreement in energy 

quality, the minimization of the switching losses and less 

torque ondulations can be obtained when DPWM-3 is 

employed for a 3-ph. five-level CHB inverter feeding AC 

machines. And by comparing these results with the results of 

the literature, it can be noted that the current and voltage 

waveforms are well acceptable under the IEEE 

recommendations. 
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(a) Torque of an induction motor (N.m) 

 
(b) Motor speed (rad/s) 

 

Figure 21. Torque and speed response with DPWM_3 

 

 

6. CONCLUSIONS 

 

In the present study, a complete simulation system of a 

three-phase five-level cascaded-H Bridge inverter feeding by 

a PV solar-Boost converter has been proposed using 

MATLAB/Simulink environment. This topology of the 

inverter has more advantages than the standard two-level 

inverter. 

The simulation results prove that this inverter topology 

controlled by a DPWM_3 strategy, the low order harmonics 

and the switching losses are substantially reduced 

(THDv=17.01%, THDI=0.73% and a reduction by 39.16% of 

switching losses). Hence, we could obtain the improved 

performance of the system. So, this topology is well suited for 

AC variable speed drives and for grid connected applications 

with additional closed loop regulations. 

In the perspectives, we were interested in the 

implementation of this system in a microprocessor like the 

dSPACE DS1104 card in experimental platform. 
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